INTRODUCTION
Sulfonated PSs containing less than 10 mol % of sodium sulfonate groups SO 3 Na (ionomers) possess a high tendency toward self organization. Owing to this feature, ionomers are among the most promising model objects for the study of fundamental laws gov erning the behavior of strongly associating nanosys tems. This phenomenon appears as a result of electro static interactions between ionogenic groups in chains [1] [2] [3] [4] , whose energy at a distance on the order of the length of chain unit is comparable with the energy of hydrogen bonds [4] . The character and direction of structural transformations occurring in ionomer solu tions depend on the ratio of ionogenic and nonpolar groups in a chain, the concentration of solution, its temperature, polarity of solvent, and other factors [5] [6] [7] [8] [9] .
The study of ionomers based on sulfonated PSs by the methods of classical molecular hydrodynamics [8] demonstrated that the molecular-kinetic properties of such polymers (the intrinsic viscosity, the rate of diffusion, and the character of relaxation processes) differ substantially from similar properties of nonsul fonated PS owing to the effect of intra and intermo lecular association of ionogenic pairs on the dimen sions of individual ionomer coils and supramolecular structures.
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POLYMER SCIENCE Series C Vol. ture and conformational properties of ionomer mac romolecules and to the structure of local chain frag ments within a segment.
EXPERIMENTAL
Ionomers based on sulfonated PS containing ν = 0.5, 1.35, 2.6, and 5.8 mol % SO 3 N groups (samples 1, 2, 3, and 4, respectively) were prepared from PS with М w = 115 × 10 3 and M w /M n = 1.05 synthesized by anionic polymerization (Exxon Research Center, United States). Chloroform, D toluene, and D ben zene were used as solvents. Ionomer samples were kept over P 2 O 5 in a vacuum desiccator to remove trace water. Polymer solutions were prepared at 20°С for several days.
Neutron scattering in chloroform was measured for samples 2 and 3 (concentration с is 0.5 g/dl) at 20°С in the range of momentum transfers q = (4π/λ)sin(θ/2) = 0.03-4.0 nm -1 , where θ is the scattering angle, λ = 0.408 nm is the wavelength, and Δλ/λ = 0.1 is the width of the spectrum (Yellow Submarine diffracto meter, Budapest, Hungary). The momentum transfer range corresponded to scales of 1/q ~ 0.3-30 nm.
Measurements in D toluene were performed for samples 1 and 2 (с = 1 g/dl) and samples 3 and 4 (с = 0.9 and 0.25 g/dl, respectively) on a Membrana 2 dif fractometer (Petersburg Nuclear Physics Institute, Russian Academy of Sciences) at 20°С in the range of momentum transfers q = 0.03-0.8 nm -1 (λ = 0.3 nm, Δλ/λ = 0.25, 1/q ~ 1-100 nm). Similar studies in D benzene were conducted for samples 1-3 (с = 1 g/dl) in the same momentum transfer range. In all experiments, the momentum transfer range corre sponded to the interval of spatial scales ~π/q begin ning from the segment length of the PS chain, individ ual macromolecule, or above, where the molecular and supramolecular structures of the above men tioned systems manifested themselves. For the sake of comparison, similar measurements were performed for the PS precursor under identical conditions.
In solution, neutron scattering is isotropic in the momentum transfer plane; hence, the intensity of scattering depends only on the momentum transfer modulus. To determine the absolute cross sections of scattering from polymer solutions σ(q) = dσ/dΩ per unit solid angle Ω of a detector and 1 cm 3 of solution volume, the experimental data were normalized to the intensity measured under the same conditions for a 1 mm thick H 2 O layer (20°С), which served as a stan dard of the known cross section of scattering.
RESULTS AND DISCUSSION

Globular Particles and Vesicular Micelles of Ionomers in Chloroform
Chloroform is the most polar solvent (dielectric permittivity (ε = 4.8 at 20°C [10]) among the tested solvents, but the dissociation of ion pairs of SO 3 Na groups in this solvent is impossible. However, along with the electrostatic interaction of polar groups, the tendency toward association of nonpolar fragments of PS chains is well defined in chloroform.
Concentration conditions for neutron scattering studies of the ionomers were selected on the basis of hydrodynamic data available for the nonsulfonated PS precursor in chloroform [11] . The critical concentra tion c* = 1.6 g/dl corresponding to the critical con centration of coil overlap was estimated in accordance with the Debye criterion [12] by dependence c* = 1/[η], where [η] = 0.6 dl/g is the intrinsic viscos ity of PS with М w = 115 × 10 3 . For neutron measure ments, we selected concentration с of solutions of the PS precursor and samples 2 and 3 of 0.5 g/dl, which is lower than the value of c* by a factor of 3. Under these conditions, a weak interaction of chains results and the structure of macromolecules is preserved almost the same as in dilute solution, but the association effects of polymer chains make themselves evident.
The differential cross section of neutron scattering dσ/dΩ = σ(q) per unit space angle Ω of the detector and 1 cm 3 of solution volume is described by the for mula
where N p is the numerical concentration of a polymer, V p is the dry volume of a chain, F(q) is the form factor of a macromolecule, S(q) is the structural factor reflecting the level of order in a system, and ΔK is the contrast factor of a polymer relative to a solvent Figure 1 shows the cross section of neutron scatter ing σ as a function of momentum transfer q. Near the lower edge of the q range (q ≤ 0.2 nm -1 ) at momentum transfers corresponding to the scales of chains and supramolecular structures, scattering is intensified in solutions of samples 2 and 3. This effect indicates the presence of enlarged scattering species (supramolecu lar structures) in these systems. At the upper edge of the q range (q ≥ 0.5 nm -1 ), scattering is related to the occurrence of concentration heterogeneity of units at the segmental scale (the length of the PS chain seg ment is A = 2.0 nm, and the number of units in it is 7.9 [13]).
More comprehensive information about the struc tural organization of ionomer solutions was inferred from the data of neutron scattering obtained with the use of the Fourier transform [14, 15] 
